The purpose of this pilot study was to determine overweight students' compliance on low and moderate carbohydrate diets and its influence on weight loss. The 28 day study was divided into two experimental periods of 14 days each. For the first 14 days, Group 1 (n = 6) received LC diet (30 grams carbohydrate/day with ad libitum intake of protein and fat), and group 2 (n = 8) received MC diet (60 grams carbohydrate/day with ad libitum intake of protein and fat). After 14 days, there was a crossover of the diets. Two random 24-hour diet records, urinary ketones, and daily emotional and physical well-being journals evaluated participants' dietary compliance. Height, weight, body mass index, and urine ketones were assessed at baseline, days 14 and 28. A 2 × 2 ANOVA was conducted to examine the difference between groups and to determine if a difference existed from baseline to the end of the diet period. During the study period, irrespective of carbohydrate levels, a vast majority of participants had above or below the recommended intake of carbohydrates, indicating non-compliance due to various reasons. During each experimental period, although weight loss differences between groups over time did not exist, there was a significant weight loss within subjects over time (p < 0.01). Presence of urinary ketones during the dietary interventions were not statistically significant. In conclusion, modified carbohydrate diets were effective with weight loss; however participants were non-compliant with their de-fined dietary protocols.
Introduction
During the past 20 years there has been a dramatic increase in obesity in the United States (US). In 2007-2008, the prevalence of obesity was 32.2% among adult men and 35.5% among adult women [1] . In 2009, none of the states met the Healthy People 2010 obesity target of 15%, and the self-reported overall prevalence of obesity among US adults had increased 1.1 percentage points from 2007 [1] . Health related problems of obesity include hypertension, hyperlipidemia, coronary heart disease, stroke, diabetes, cancer and psychological disorders [2] .
Strategies that have been sought out for weight loss have been diet pills, diuretics, food supplements, skipping meals, fasting, laxative use, vomiting, exercising, and lower calorie intake [3] . While these have gained in popularity, obesity trends continue to rise. In part, failure to lose significant weight occurs because achieving weight loss through dieting or exercise requires maintenance of behavior change which is difficult to sustain [4] .
Modified carbohydrate (CHO) diets are one example of current trends in weight loss. These diets contain less than the United States Department of Agriculture's (USDA) recommendation of 45% -65% of total calories from carbohydrate (generally between <10% to 30% of daily energy intake) [5] . The efficacy of low-CHO diets on weight loss has been attributed to several factors, including a satiating effect of fat and protein if individuals replace carbohydrates in their diet, increased energy expenditure in metabolism of protein and fat, appetite suppression, and reduction of caloric intake due to limiting of food choices [6] [7] [8] [9] [10] [11] [12] [13] . Recent diets such as the Atkins diet minimize total carbohydrate consumption, but do not adjust fat intake or demand a calorie restriction [14] . Another popular trend is the South Beach diet, which has several phases and differing carbohydrate levels [15] . The main theory behind these diets is the restriction of carbohydrates will result in ketosis, increased lipolysis and decreased lipogenesis [14] . Dietary compliance with weight loss diets, specifically low or moderate CHO, is crucial in achieving partici-pants' weight loss goals. To the best of the researchers' knowledge, little or no studies have looked specifically at compliance of modified CHO diets in the college population. Therefore, the purpose of this pilot study was to determine the effect of compliance level (using dietary recalls and ketone production as indicators) on low and moderate CHO diets and its effect on weight loss.
Methods and Materials
Prior to the start of the study, the research was reviewed and approved by the University's Institutional Committee on Investigation Involving Human Subjects.
For the purpose of this study, the low (LC) and moderate carbohydrate (MC) diets were 30 grams and 60 grams, respectively, with ad libitum intakes of protein and fat. This CHO regimen and timeline was selected since the recognized Atkins Diet's initial two week induction phase for weight loss recommends 20 grams CHO per day [14] .
College students from a Midwestern University were recruited through the use of electronic mass email. Inclusion criteria were 18 -26 years; body mass index (BMI)  25 kg/m 2 ; stable weight for at least one month; physicians' evaluation on health status; abstinence of dietary restrictions for three months prior to the research; absence of medications related to weight loss; free of health disorders/diseases; and avoidance of tobacco products. Upon recruitment into the study, additional criteria included exclusion of alcoholic beverages and nutrition supplements; limited caffeine intake (one, 6 -8 fl.oz serving/day); and maintenance of usual physical activity.
Twenty-two subjects who met the above criteria volunteered to participate in the research. Prior to the start of the study, approximately one week, subjects were educated by a registered dietitian about food selection and reading nutrition labels. In addition, subjects were provided with a list of foods to limit/avoid during the study. Since the participants were college students, the researchers specified foods that were available in the dining services that they could consume to comply with the protocol. The dietitian was available via telephone, scheduled counseling hours and email throughout the study and met with the subjects on alternate days to answer questions and provide further education and reinforcement of dietary protocol. To ensure participants understanding of the dietary regimen, the registered dietitian quizzed the participants on foods and portion sizes. The 28-day study was divided into two experimental periods of 14 days each. The 14-day study period was chosen to allow participants sufficient time to appreciate any change in weight and to determine their capacity for following the diet. For the first 14 days, one-half of the subjects (Group 1) were instructed to follow the LC diet (30 grams carbohydrate/day with ad libitum intake of protein and fat)) and the other half (Group 2) were to adhere to the MC diet (60 grams carbohydrate/day with ad libitum intake of protein and fat). Each participant was responsible for controlling and recording their own CHO intake. After 14 days, there was a crossover of the diets ( Table 1) .
To aid in verifying adherence of the study protocol, subjects were asked to keep daily emotional and physical well-being journals, complete two random 24-hour diet records, which were analyzed using ESHA Food Processor Software 8.0 2005, and urinary ketones were assessed. Since this research study used ad libitum amounts of protein and fat, analysis of these macronutrients were not assessed. To assist subjects in accuracy of portion sizes, verbal, written, and photographic representations of portion sizes of common foods were provided. Daily behavioral and emotional logs were also collected (e.g. tobacco use, alcohol, supplements, medications, physical Height, weight, BMI, and urine ketones were assessed at baseline, days 14, and 28. Height was recorded to the nearest. 25 inches using a stadiometer and weight was determined using SECA TM Digital Scale. Assessment of ketones was used to evaluate participants' dietary compliance as the production of ketone bodies is a normal response to a shortage of glucose (CHO) [16] . Urine samples were collected in a sterile container and assessed using Bayer Corporation Ketostix ® [7] . Presence of ketones was defined as either negative (0 mg/dL), trace (5 mg/dL), small (15 mg/dL), moderate (40 mg/dL), or large (80 -160 mg/dL) and were correlated with the reference color chart.
Difference in body weight and urinary ketone production were compared in the two groups from baseline to the end of the first experimental period (14 days) and from the beginning of the second experimental period to the end of the second experimental period (14 days). A 2 × 2 ANOVA was conducted to examine the difference between the groups and to determine if a difference existed from baseline to the end of the diet period. When violations of sphericity occurred, the Huynh-Feldt epsilon was used in the univariate analysis to compensate. A p-value of <0.05 was considered statistically significant.
Results
Fourteen of the original twenty-two subjects completed the 28-day study. Six of the participants were excluded due to various reasons, including inability to participate in the research due to personal reasons, newly diagnosed health issues, and newly prescribed medications that interfered with the study. All subjects were Caucasian Americans and their age ranged from 20 -22 years. Two were males and 12 were females and everyone was classified as overweight (mean BMI > 25), none of the participants were obese.
During experimental period I, participants on the LC diet (n = 6) consumed an average of 46.4 ± 32.4 grams of CHO per day, above the recommended amount. Only one participant complied with the CHO allotment, while the others were above or below the recommended intakes. When Group 1 participants were crossed over to the MC diet, mean daily intake of carbohydrate was 62.7 ± 35.5 grams per day. None of the participants (n = 6) were in compliance with the CHO recommendations. When Group 2 was placed on the LC diet, participants (n = 8) consumed a mean CHO level of 55.1 ± 30.6 grams of CHO per day. Like their counterparts, with the exception of one participant (13%), the others (n = 7) were above or below the recommended intake of CHO. Similar observations were noted when participants were on MC diet. Although the mean intake of carbohydrate was 61.0 ± 15.4 g CHO per day, all eight participants were above or below the recommended intakes. Table 2 shows weight loss of participants between the two groups while following the LC and MC diets. In the current study, for each experimental diet, there was a significant weight loss within subjects over time (p < 0.01). There was not, however, a significant difference in weight loss between the diet groups over time (F (1.61, 19.37) = 39.391, p = 0.353).
Urinary ketones were absent in both groups at baseline. After the first experimental diet period, 50% of participants on LC (Group 1) and MC diets (Group 2) produced ketones. Following the second experimental period, urinary ketone levels of participants on MC (Group 1) and LC diets (Group 2) were 16% vs 12.5% respectively, indicating no significant difference in urinary ketones were present. Table 3 shows the presence of urine ketones, measured as acetoacetic acid, over time, and the difference between groups.
Discussion
Results of the study revealed that during each experimental diet, within subjects over time, there was a sig- nificant weight loss. Weight loss may be attributed to depletion of glycogen stores, restriction of calories due to satiety effects of protein and fat, and/or the anorectic effect of ketosis. The findings of this research are congruent with previous researchers [6, [8] [9] [10] [11] [12] [13] 17, 18] . There was no significant difference in weight loss between diet groups (Groups 1 and 2) or between diet groups over time (14 and 28 days). This suggests that modifying and varying levels of CHO enable weight loss, regardless of level of restriction. Similarly, ketone production was not influenced by the dietary protocols. According to Bray et al., CHO must be restricted to 50 g CHO/day to induce ketosis [6] . The current study showed no significant differences over time for ketone production, between diet groups, or between diet groups over time.
As stated previously, Group 1 participants while on LC diet consumed a mean intake of 46.39 g CHO/day, which was greater than the recommended amount. Similarly, when on LC diet, Group 2 participants had mean daily intake of 55.08 g/day. These results indicate that the LC diet was impractical for participants to consume and comply. Although some subjects experienced ketosis, the majority did not, due to over consumption of CHO. A postulation could be that even though subjects selected and consumed foods from the list provided by the dietitian, there could have been poor compliance with regards to actual portion sizes eaten. Additionally, statistically significant differences were not likely to be observed from a small sample size. Foster et al., suggested that reduction in ketone production in their long term study (one year) with 63 obese men and women was due to poor patient compliance [7] . Moderate weight loss studies (6 months) reported by other researchers indicate greater compliance level was associated with greater weight loss. Corral et al. [19] examined the effect of diet and/or exercise and found dietary adherence is strongly associated with rates of weight loss and adversely affected by the severity of caloric restriction.
Adherence to long-term (one year) LC/high protein diets for weight loss with or without professional guidance indicated dietary adherence to treatment protocols were significantly associated with greater weight loss [20, 21] . Non-compliance of varying CHO dietary regimens by the participants in the present study may be attributed to several factors; 1) demands and stress associated with college life influences food consumption choices and seeking high CHO comfort foods (sweet, chewy, doughy) [22, 23] ; 2) unpleasant symptoms (lethargy, irritability, hunger and stomach ache) reported by participants from their daily emotional and physical well-being journals led to diversion from prescribed diets ( Table 4) ; 3) restrictive nature of the diet (30 or 60 grams CHO) when compared to recommended amounts [5] ; 4) lack of rapid weight loss; and 5) possibly due to the different lifestyle of the college student. It may have been easier for participants who lived in the dorm or in a confined metabolic unit to comply with the study compared to participants who lived in a house or apartment due to food cost and/or preparation.
This study was unique in several ways. Little to no studies associated with the college overweight population and their compliance to modified CHO diets have been investigated. Additional strengths of this research were that dietary protocols were more liberal than the traditional Atkins diet during induction phase thereby ena- bling participants in this study acted as their own controls. Finally, this research utilized the emotional and physical well-being journal to validate participants' adherence and reasons for non-compliance. As with most research studies, there were limitations present. The small sample size makes it difficult to generalize results to a larger population. Also, the short duration of the study period is a limiting factor. With the increased prevalence of obesity, weight management health professionals are seeking effective interventions for clients' healthy and sustainable weight loss. Factors other than modified carbohydrate intakes should be taken into consideration. In spite of alterations in dietary carbohydrate protocol, significant weight loss may not occur if participants exhibit poor dietary compliance. Aggressive individual counseling in addition to support groups regarding dietary compliance (e.g., accurate assessment of food consumption, provision of nutrition education, and consistent adherence of dietary regimen at all times, etc.) could result in successful weight loss.
Future research should focus on using weighted food intake which would be more accurate and reflective of actual macronutrient consumption than estimated food intake. Using a larger sample size with different BMI levels would allow for greater generalization to US normal population. Development of long term study using varying levels of CHO and having a wash-out period between experimental diets would prevent any skewing of data and will assist in determining the efficacy of low CHO diets. A theoretical model, such as stage of change or health belief would possibly enrich the research as well.
